The lip vermillion constitutes a transition tissue, between oral mucosa and skin, where oral mucosal cells from epithelial and connective tissue compartments are exposed to ultraviolet (UV) sunlight. Fibroblasts are abundant resident cells of the connective tissue which are key regulators of extracellular matrix composition, as well as, epithelial and endothelial cell function. UVB light, an inherent component of sunlight, causes several alterations in skin fibroblasts, including premature senescence and increased cyclooxygenase (COX)-2 expression. To assess if UVB irradiation had similar effects on fibroblasts derived from human oral mucosa (HOM), primary cultures of HOM fibroblasts were irradiated with a single dose of 30 or 60 mJ/cm 2 of UVB light or shamirradiated. Fibroblast proliferation was assessed from 3 to 48 hrs after UVB-irradiation utilizing [ 3 H]-thymidine incorporation and MTT assays. In addition, COX-2 mRNA expression was detected by RT-PCR, and PGE 2 production was assessed using enzyme immunoassay from 0.5 to 24 hrs after UVBirradiation. The results showed a significant decrease in proliferation of UVB-irradiated HOM fibroblasts as compared to controls as measured by both [ 3 H]-thymidine incorporation and MTT assays (p<0.001). HOM fibroblasts had increased COX-2 mRNA expression at 0.5 and 12 hrs after irradiation, and PGE 2 production was elevated at 12 and 24 hrs post-irradiation as compared to controls (p<0.05). The results showed an inhibitory effect of a single dose of UVB irradiation on HOM fibroblast proliferation with an increase in COX-2 expression and activation. Therefore, photodamaged fibroblasts may play and important role in the pathogenesis of UV-induced lesions of the lip.
INTRODUCTION
The lip vermillion constitutes a transition tissue, between oral mucosa and skin, where oral mucosal cells (e.g., keratinocytes, fibroblasts, mast cells and endothelial cells), are exposed to different types of environmental insults including ultraviolet (UV) sunlight (1) . Chronic exposure of the lip vermillion to sunlight results in several alterations at the epithelial and connective tissue compartments which are similar to those described in photodamaged skin (2) (3) (4) . These alterations include hyperplasia and overexpression of p53 and cyclooxygenase (COX)-2 at the epithelium, and elastosis and inflammatory infiltration at the lamina propria (2, (5) (6) (7) . UVB (290-320) light is an inherent component of sunlight. Although it affects predominantly the epidermis of the skin, UVB light also penetrates up to the reticular dermis, which is mainly composed of fibroblasts and extracellular matrix (ECM) (8, 9) . Similar to skin, it is highly probable that the lamina propria of the lip is reached by UVB light, since oral mucosa has a higher capacity for UVB light absorption than other tissues (10) . In addition, differences in ECM production and matrix metalloproteinase (MMP) gene expression have been described between skin and oral mucosa fibroblasts, suggesting a different fibroblast phenotype depending upon the tissue of residence (11, 12) . Studies analyzing the effects of UVB light on cultured skin fibroblasts showed that repeated exposure to subcytotoxic doses of UVB induces premature senescence (13) , resulting in a sharp decrease in cell proliferation (14) . In addition, UVB exposure of skin fibroblasts stimulates the expression of several cell cycle regulatory genes, such as p53, as well as, pro-inflammatory genes, such as COX-2 (14, 15) . UVB-induced COX-2 expression increases the production of prostaglandin E 2 (PGE 2 ) by catalyzing the rate limiting step in the conversion of arachidonic acid into PGs (3) . Increased PGE 2 production has been implicated in skin photodamage and photocarcinogenesis, since it stimulates generation of reactive oxygen species (ROS), oxidative DNA damage, keratinocyte proliferation and angiogenesis (3, 16, 17) .
Very few studies have analyzed the effects of UV radiation on oral mucosa fibroblast function. Williams et al. (1992) found that human gingival fibroblasts irradiated with UVA light had a significant decrease in proliferation (18) , and Lim et al. (2008) found that UVC radiation caused gingival fibroblast apoptosis (19) . It is known that several factors induce COX-2 expression in oral fibroblasts, including nicotine, areca nut extracts (arecoline), pro-inflammatory cytokines and LPS (20) (21) (22) (23) . However, the effects of UVB radiation on COX-2 expression and activation in oral mucosa fibroblasts are unknown. Therefore, this study was aimed at characterizing the effects of a single exposure to subcytotoxic doses of UVB light on proliferation, COX-2 expression and PGE 2 production by primary fibroblast cultures established from human oral mucosa (HOM) explants.
MATERIAL AND METHODS

Isolation and Culture of Oral Mucosa Fibroblasts
Primary fibroblast cultures from human oral mucosa (HOM) were isolated by the explant method as previously described (24) . Briefly, using a 6 mm punch-biopsy (Acu-punch, Acuderm, Inc., Fort Launderdale, FL, USA) tissue explants were obtained from the oral mucosa lining the inner cheek of the oral cavity, in close proximity to the lip, from three healthy, non-smoking volunteers, with no history of drug intake in the past 6 months (2 females and 1 male, mean ages 22 ± 1 years). Informed consent was obtained from the subjects, and the surgical protocol was approved by the Ethics Committee of The University of Concepción. Cells were cultured in Dulbecco´s modified Eagle´s medium (DMEM, Gibco-BRL, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS, Gibco-BRL), 100 μg/ml penicillin/streptomycin (Gibco-BRL), 100 μg/ml fungizone (US Biological, Swampscott, MA) and 50 μg/ml of gentamycin (Sigma, St. Louis, MO) at 37ºC in a 5% CO 2 atmosphere. All the assays were performed using fibroblasts between passages 4 and 10. HOM fibroblast cultures were characterized by immunocytochemistry to confirm their phenotype with primary antibodies against vimentin (1:100) (Sigma, St Louis, MO, USA) and prolyl-4-hydroxylase (1:50) (Dako, Carpinteria, CA) followed by a secondary antibody coupled to an HRP detection system (Chemicon Int, Temecula, CA) and DAB as the chromogen (Vector Labs, Burlingame, CA).
Growth Synchronization and UVB Light Exposure of HOM
Fibroblasts
Previous to UVB exposure, HOM fibroblasts were plated and maintained either in complete medium supplemented with 10% FBS for 12 hrs (unsynchronized cells) or synchronized according to the protocol by Gilroy et al. (2001) (25) . Briefly, cells were washed with PBS, plated in 96-well or 100 mm plates, and then incubated in serum-free medium for 24 hrs, followed by medium containing 2.5% FBS for 20 hrs. Previous to irradiation medium was replaced by 100 μl of PBS (Gibco) in each well, or 10 ml of PBS in the 100 mm plates. Then fibroblasts were irradiated with 30 or 60 mJ/cm 2 of UVB, equivalent to 2 and 4 minimal erythemal doses (MEDs) respectively, with Phillips FS40UVB lamps (American Ultraviolet Company, Murray Hill, NJ) as previously described (26) . Lamps were fitted with Kodacel filters (Eastman Kodak, Rochester, NY) to ensure emission of UVB light only (290-320). The intensity of the UVB light at the bottom of each well or plate was measured with a UVX Digital radiometer (UVP, Upland, CA, USA). Control fibroblasts were sham-irradiated.
Cell Proliferation Assays
To assess HOM fibroblast proliferation with the [ 3 H]-thymidine incorporation assay, fibroblasts were cultured in 96-well plates, at a density of 0.6-1 x 10 4 cells/ml. Cells were UVB-irradiated and 0.5 μCi [ 3 H]-thymidine (specific activity, 50 Ci/mmol, Dupont-NEN, Boston, MA) was added to the culture medium for 3 to 48 hrs. After incubation, cells were trypsinised, vacuumed onto paper filters (45 μm pores) and placed in 5 ml of scintillation fluid (Ecoscint LS-271, National Diagnostics, USA). The incorporated radioactivity was quantified by a scintillation counter (Packard 1600 TR, Packard Instruments, Downers Grove, IL, USA). Results were expressed as cpm/well.
For MTT proliferation assay, fibroblasts were cultured in 96-well plates, at a density of 1 x 10 4 cells/ml. At 6, 12 and 24 hrs post-UVB irradiation, 10 μl of MTT solution were added to each well, and processed according to the manufacturer´s instructions. Absorbance was measured at 570 nm using a microplate reader (Multiskan EX, Thermo Corporation, USA). In addition, cell viability was determined at 24 and 48 hrs posttreatment by trypan blue exclusion assay as previously described (27) . Experiments were repeated at least three times with 5-8 wells/group.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Total RNA was isolated from fibroblasts seeded onto 100 mm plates (0.6 x 10 6 cells/plate) with Trizol (Invitrogen, Rockville, MD), according to manufacturer´s instructions (n=6-7 plates/group at each time-point). RNA concentration and nucleic acid purity was determined spectrophotometrically by UV absorbance. RT-PCR for COX-2 and GAPDH was performed as previously described (5) . Briefly, 10 μg of total RNA was reversed transcribed using oligo-dT primers and AMV reverse transcriptase (Promega, Madison WI) and 1 μl of cDNA from each sample was amplified by PCR. Each PCR was carried out in 25 μl of a reaction mix containing 10 mM Tris-HCl, 50 mM KCl, 3 mM MgCl 2 , 0.2 mM of each dNTP, 0.4 μM of each sense and antisense primer and one unit of Plantinum Taq DNA polymerase (Invitrogen, Carlsbad, CA). A negative control, where the cDNA was omitted from the reaction mix was run for each amplified gene. The following primer sequences were used: COX-2 sense 5´-GGT CTG GTG CCT GGT CTG ATG ATG-3´ and antisense 5´-GTC CTT TCA AGG AGA ATG GTG C-3´, product size 724 bp (28) and GAPDH sense 5´-CGG AGT CAA CGG ATT TGG TCG TAT-3´ and antisense 5´-GCC TTC TCC ATG GTT GGT GAA GAC-3´, product size 301 bp (29) . The reaction mixture was incubated for 1 minute at 94ºC, amplified for 35 PCR cycles and ended by incubation at 72ºC for 10 minutes. Each PCR cycle consisted of denaturing for 45 seconds at 94ºC, annealing for 45 seconds at 60ºC, and extending for 2 minutes at 72ºC. Amplified samples were visualized after electrophoresis on 1.5% agarose gels and staining with ethidium bromide, with a gel photodocumentation system (Vilber Lourmat, Marne La Vallee, France). Band densitometry was performed with Image J Program (Bethesda, MD).
Prostagandin E 2 Assay
HOM Fibroblasts, plated in 100 mm plates, were synchronized and UVB irradiated. At 12 and 24 hrs after irradiation, supernatants were collected and the amount of PGE 2 secreted was determined by enzymelinked immunosorbent assay according to manufacturer´s instructions (Cayman Chemical, Ann Arbor, MI, USA). Results were expressed as mean ± SD of the percentage of PGE 2 production (pg/ml) as compared to control.
Statistical Analyses
Statistical tests were performed using JMP-IN 4.0.4 (SAS Institute Inc., Cary, NC, USA). Differences between groups were examined using Mann-Whitney or t-test, according to data distribution. Differences were considered statistically significant when p<0.05.
RESULTS
Effects of UVB on Proliferation of Fibroblasts Derived from Human Oral Mucosa
Primary fibroblast cultures were obtained from human oral mucosa explants and characterized by immunocytochemistry. Greater than 95% of the cells stained positive for vimentin and prolyl-4-hydroxylase ( Figure 1 ).
After 12 hrs of cell plating in 96-well plates at a density of 0.6 x 10 4 cells/well, growth medium was replaced by a thin layer of PBS and HOM fibroblasts were subjected to 30 or 60 mJ/cm 2 of UVB light or sham-irradiation. Proliferation was assessed from 3 to 48 hrs after UVB irradiation with the [ 3 H]-thymidine incorporation assay. Analysis of the results showed that UVB irradiation, at both 30 and 60 mJ/cm 2 , caused a significant decrease in HOM fibroblast proliferation from 6 to 48 hrs after UVB irradiation (p<0.05, ANOVA & Tukey-Kramer tests) ( Figure  2 ). Analysis of cell viability by trypan blue exclusion assay showed no increase in cell death (more than 95% cell viability) at 24 and 48 hrs after UVB exposure with 30 and 60 mJ/cm 2 (data not shown). Therefore, the 60 mJ/cm 2 dose of UVB irradiation was used in the subsequent experiments. The effects of UVB on HOM proliferation was also assessed on previously synchronized fibroblasts using both [
3 H]-thymidine incorporation and MTT assays, at 6, 12 and 24 hrs after UVB irradiation with 60 mJ/cm 2 . Similar to non-synchronized cells, a significant decrease in proliferation of UVB-irradiated HOM fibroblasts was observed at all the time points analyzed as compared to sham-irradiated fibroblasts, with both assays (p<0.05, t-test and Mann Whitney) (Figure 3) .
Effects of UVB Irradiation on COX-2 mRNA Expression by Synchronized HOM Fibroblasts
To assess COX-2 at the mRNA level, HOM fibroblasts were synchronized in their cell cycle in order to avoid changes in COX-2 expression that were not related to UVB radiation, as previously described (25) . Total RNA was subsequently extracted at 0.5, 6, 12 and 24 hrs after UVB irradiation (60 mJ/cm 2 ) and subjected to RT-PCR. Samples were visualized in agarose gels stained with ethidium bromide ( Figure  4A ) and analyzed by densitometry. Analysis of densitometric units of COX-2 bands normalized to GAPDH showed a significant increase in the percentage of relative COX-2 mRNA expression at 30 min and 12 hrs after UVB irradiation as compared to sham-irradiated controls (p<0.05, t-test) ( Figure 4B ).
Effects of UVB on PGE 2 Production by Synchronized HOM
Fibroblasts PGE 2 production was measured by EIA from the supernatants of synchronized HOM fibroblasts at 12 and 24 hrs after UVB irradiation. The results showed a significant increase in PGE 2 production by HOM fibroblasts at both 12 and 24 hrs after UVB irradiation as compared to controls (p<0.05 and p<0.01 respectively, Mann Whitney) ( Figure 5 ). A) **p<0.001 (Mann Whitney) for UVB-irradiated fibroblasts as compared to controls at 6 hrs. ***p<0.0001 (t-test) for UVB-irradiated fibroblasts as compared to controls at 12 and 24 hrs. B) **p<0.001 (t-test and Mann Whitney) for UVB-irradiated fibroblasts as compared to controls at 6, 12 and 24 hrs. 5 cells/plate) and subjected to RT-PCR to assess COX-2 (724 bp) and GAPDH (301 bp) mRNA expression. Products were visualized in 1.5% agarose gels stained with ethidium bromide. Representative gels of one of the experiments for 0.5 and 12 hrs after UVB irradiation are shown in (A). Relative densitometric units of COX-2 bands (normalized to GAPDH) were calculated. Results are expressed in percentage of corresponding control as mean ± SEM of two pooled experiments (n=7 plates/ group at 0.5 and 12 hrs, n=6 plates/ group at 6 and 24 hrs) (B). *p<0.05 (t-test) for UVB-irradiated fibroblasts as compared to controls at 0.5 and 12 hrs after UVB exposure.
DISCUSSION
The results of this in vitro study showed that exposure of HOM fibroblasts to a single subcytotoxic dose of UVB light (60 mJ/cm 2 ) significantly reduced cell proliferation during the first 48 hrs after UVB exposure as assessed by [ 3 H]-thymidine incorporation and MTT assays. UVB-irradiated HOM fibroblasts also had increased COX-2 mRNA expression at 0.5 and 12 hrs after UVB exposure and enhanced COX-2 activity, as reflected by an increase in PGE 2 production at 12 and 24 hrs after irradiation.
Very few studies have assessed the effects of UV light on proliferation of fibroblasts from the oral cavity (18) . Williams et al. (1992) showed that UVA light, with exposure times ranging from 15 seconds to 14 minutes, significantly decreased [ 3 H]-thymidine incorporation by gingival fibroblasts (18) . On the other hand, the effects of UVB light on proliferation of both, lung mucosa and skin fibroblasts are well known (30) (31) (32) . Straface et al. (2007) found that early exposure of lung mucosa fibroblasts (passages 2-4) to a single subcytotoxic dose of UVB (200 mJ/cm 2 ) resulted in a significant decrease in cell proliferation, similar to non-irradiated lung fibroblasts from later passages (greater than 11 passages) (30) . Chainiaux et al. (2002) using human diploid skin fibroblasts exposed to repeated subcytotoxic UVB doses (62.5 mJ/cm 2 ) also found decreased proliferation, as assessed by [ 3 H]-thymidine incorporation (31) . Therefore, UVB irradiation had a similar inhibitory effect on oral mucosa fibroblast proliferation as previously shown for skin and lung fibroblasts.
Since the MTT assay allows determination of both, cell proliferation and cytotoxicity (33) , the results may also suggest that the proliferation inhibition in HOM fibroblasts irradiated with 60 mJ/cm 2 was due to reduced cell viability. Previously, mild to moderate cell cytotoxicity was described for skin fibroblasts at 24 hrs after irradiation with UVB doses of 40 and 60 mJ/cm 2(32) . However, in this study, no increase in cell death was found, as assessed by trypan blue exclusion assay, at 24 and 48 hrs after UVB irradiation (more than 95% viability), suggesting higher resistance of oral mucosa fibroblasts to UVB exposure as compared to skin fibroblasts.
Increased COX-2 expression has been described for UVBirradiated skin fibroblasts (15) . It has been shown that transcriptional control of COX-2 is associated with: the proliferation status of fibroblasts. COX-2 up-regulation was observed in quiescent cells, whereas COX-2 downregulation was found in proliferating fibroblasts (25, 34) . In a similar way, UVB-irradiated oral mucosa fibroblasts, which presented an inhibition of their proliferative response, also had and increase in COX-2 expression and activation. Therefore, the inhibition of fibroblast proliferation by UVB irradiation may have both, a protective effect by reducing expansion of photodamaged fibroblasts and, on the other hand, a procarcinogenic effect by increasing COX-2 expression and activation.
In the last decade, fibroblasts have emerged as crucial regulators of epithelial and endothelial cell function, as well as, ECM composition (35) . During carcinogenesis, stromal fibroblasts undergo several changes that range from an activated to a myofibroblast phenotype. These changes are strongly correlated with tumor progression (35) . Increased COX-2 expression by stromal fibroblasts has been described in laryngeal, lung and colon carcinogenesis with a direct association with prognosis (36) (37) (38) . Several carcinogens increase COX-2 expression in oral mucosa fibroblasts, including nicotine and areca nut extract (20, 22) . The present study showed that UVB radiation, which is a complete carcinogen, also induces COX-2 expression and activation in oral mucosa fibroblasts. Future work should focus on elucidating the signal transcription pathways that participate in UVB-induced COX-2 upregulation in oral mucosa fibroblasts, which may involve NF-κB activation as has already been described for UVBirradiated skin fibroblasts, and nicotine-treated gingival fibroblasts (15, 21) . Previous studies describing COX-2 overexpression at the epithelium of photodamaged lips (5) , as well as, the present results showing increased COX-2 expression in UVB-irradiated HOM fibroblasts, strongly suggest that COX-2 modulation may be of clinical significance for prevention and treatment of lip carcinogenesis. It has been already shown that selective COX-2 inhibitors, such as Celecoxib, are effective in reducing UVB-induced chronic inflammation and tumor formation in the skin (26, 39) . Epidemiological studies have shown that lip cancer has a higher metastasis occurrence than skin cancer (40) , which may be due to phenotypic differences between epithelial and stromal cells from skin and lip tissues (11, 12) . Future studies should continue to investigate the role of fibroblasts and their interactions with stromal cells during lip photodamage and carcinogenesis, as well as, the therapeutic benefit of modulating fibroblast function and phenotype in the treatment of premalignant and malignant lesions of the lip.
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Rojas IG y cols. Effect of a single dose of UVB radiation on PGE 2 production by synchronized HOM fibroblasts. PGE 2 levels (pg/ml) were assessed by EIA at 12 and 24 hrs after UVB irradiation from supernatants of synchronized HOM fibroblasts (6 x 10 5 cells/plate). Results are expressed in percentage of corresponding control as mean ± SEM of two pooled experiments (n=7 plates/group at 12 hrs and n=6 plates/ group at 24 hrs). *p<0.05 and **p<0.01 (Mann Whitney) for UVB-irradiated fibroblasts as compared to sham-irradiated at 12 and 24 hrs after UVB exposure, respectively.
